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Abstract 

The method of probe brane is the powerful one to obtain the effective action living 
on the probe brane from supergravity. We apply this method to the unstable brane 
systems, and understand the tachyon condensation in the context of the open/closed 
duality. First, we probe the parallel coincident branes by the anti-brane. In this 
case, the mass squared of the string stretched between the probe brane and one of the 
coincident branes becomes negative infinite in the decoupling limit. So that the dual 
open string field theory is difficult to understand. Next, we probe parallel coincident 
branes by a brane intersecting with an angle. In this case, the stretched strings have the 
tachyonic modes localized near the intersecting point, and by taking the appropriate 
limit for the intersection angle, we can leave mass squared of this modes negative 
finite in the decoupling limit. Then we can obtain the information about the localized 
tachyon condensation from the probe brane action obtained using supergravity. 



*E-mail: kazuyosi@yukawa.kyoto-u. ac . jp 



1 Introduction 



The importance of unstable brane systems has been recognized for long times [1] . One 
of the most successful utilization of the unstable brane systems was the tachyon conden- 
sation [2] , which have given the many informations to understand the time-dependent 
dynamics of the decay of unstable brane system, and the tachyon condensation has been 
investigated using many powerful methods, for example, string field theory, effective 
field theory, the boundary CFT (or roUing tachyon), K-theory, and so on. 

The open/closed duality also has been well known as the powerful method and 
concept in string theory. And so it is hoped that the open/closed duality is applied 
to the unstable brane system involving tachyon condensation. In this paper, we try to 
analyze some unstable branes and tachyon condensation using the probe brane method 
which is conjectured from the open/closed duality. 

The open/closed duality is based on the following ideas. It is well known that 
the D-branes admit a perturbative description in terms of the open strings which are 
attached to them. On the other hand, the D-branes is thought to be a soliton solution 
of supergravity (or closed string theory). Using these two different descriptions, we can 
obtain the information of field theory on branes from the supergravity. The AdS/CFT 
correspondence is the most successful example [3, 4]. 

The method of probe brane is the important one based on the open/closed duality 
[5, 3, 6] *. We consider a probe brane which moves close to a large number of coincident 
branes. Then we can obtain the effective action living on the probe brane using super- 
gravity. This method has been confirmed to be valid for some examples not limited to 
the extremal cases. In this paper, we show that the probe brane method is useful in 
understanding the unstable brane systems and tachyon condensation. 

At first, we probe the brane solution by the anti-brane. In this case, we show that 
the mass squared of the stretched strings become negative infinite in the decoupling 
limit {a' ^0), so that the dual open string field theory is not well defined. 

Next, we probe parallel coincident branes by a brane intersecting with an angle. 
The energy of the open strings stretched between probe brane and the one of the rest 

*The original references are contained within [5]. 
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coincident branes are minimized by being confined to the intersection point, and these 
stretched strings involve tachyon modes locahzed near the intersecting point when the 
probe brane is close enough to the coincident branes. Interestingly, in the contrast to 
the case of the anti-brane probing, the mass squared of the locahzed tachyons leaves 
negative finite in the decoupling limit by taking an appropriate limit for the inter- 
section angle. Then the effective action obtained from supergravity is nontrivial and 
involves the information about localized tachyon condensation. We analyze the local- 
ized tachyon condensation from the supergravity. 

In the intersecting branes at angles, it is known that the recombination of branes 
occurs [7, 8, 9] *, and this is interpreted as (local) tachyon condensation recently [9]. 
Our results from probe brane is not incompatible with the recombination process, and 
this also will be discussed. 

There are the another interesting approaches toward the open/closed duality in 
unstable brane systems recently. For example, the open/closed duality at tree level in 
the rolling tachyon process [11] which insists that the tachyon matter in open string 
picture can be identified as the collective closed strings [12, 13, 14], the observation 
that in the matrix model of the non-critical string theory the matrix eigenvalue can 
be identified as the open string tachyon on an unstable DO-brane [15, 16, 17, 18], 
Schwarzschild black brane as the unstable brane systems [19, 20, 21, 22, 23], imaginary 
branes as the closed string states [24] , time dependent holography in S- branes [25] , the 
description of D-branes in the closed string field theory [26, 27] , and so on. We believe 
that the method of the probe brane together with these works will give the some clues 
to the open/closed duality in unstable brane system. 

The paper is organized as follows. In section 2, we review the method of probe 

brane and open/closed duality (gauge/gravity correspondence) briefly. Next, we probe 

the parallel coincident branes by the anti-brane and discuss about the dual field theory. 

In section 3, we probe parallel coincident branes by a brane intersecting with an angle 

and analyze the localized tachyon condensation from the effective action obtained using 

*Thc recombination of branes is well known to be an intriguing realization of Higgs phenomena in 
Standard model and so this process is also interesting phenomenologically. For example See [10] and 
their reference for recent progress. 
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supergravity. The relation with the recombination also is discussed in this section. The 
section 4 is devoted to conclusion. 

Finally we comment on the interpretation of the probe brane action obtained in this 
paper briefly. In the anti-brane and intersecting brane probing, the stretched strings 
include the tachyonic modes. So that the energy scale in the action of the probe brane 
is not low compared to the masses of the all stretched strings. Therefore the action of 
the probe brane can not be regarded as the effective action obtained by integrating out 
the all fields whose energy scale is low compared to the one of the stretched strings, 
as is usually recognized in the probe brane [3]. Alternatively, the probe brane action 
should be regarded as the action which is obtained by integrating out only the fields 
generated by the stretched string. As we will see in section 3, the energy scale of the 
fields on the probe brane is proposed to be equal to the mass scale of the tachyon field 
around the true vacuum of the tachyon potential. 

2 Brane and Anti-Brane Probing 

The probing brane method is powerful one for investigating the dynamics of the large N 
gauge theory and this gave the important clues for the AdS/CFT correspondence [3, 4]. 
In section 2.1, we review the probing brane method and gauge/gravity correspondence 
briefly following [5, 3, 6]. In section 2.2, we replace probe brane with anti-brane and 
discuss about the dual open string field theory and point out the some problems. In 
this paper, we consider L'3-brane mainly. 

2.1 Brane Probe and Gauge/Gravity Correspondence 

In this section, we review the method of probe brane following [5, 3, 6]. We consider 
+ 1 £)p-branes, N of which sit at the origin (r = 0) and the last is the probe brane 
which sits at a distance r. The world- volume action at low energies is 1- dimensional 
U{N + 1) Yang-Mills theory broken down to U{N) x U{1) by the expectation value 
of an adjoint scalar which represents the distance between the probe and the rest of 
branes. The strings stretched between the probe brane and one of the rest N branes 
are massive, with a mass m — r/ {2'Ka'). 
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We want to ignore the excited string states, which is performed by letting a' 0. 
In order for the energies of stretched strings to remain finite in this hmit, we need to 
approach the probe brane to origin in such a way that = ^ = fixed, where 
(/ = p + 1, • • • , 9) is the transverse position of the probe Dp-brane. And, at same time, 
wc need to take gauge coupUng constant finite. These hmits for i^p-brane are well 
known in the context of AdS / CFT and given in summary by 

a' ^ 

gl^ = 2(27r)^'-W^ = fixed , (2.1) 

and near-horizon limit 

X^ = fixed , (2.2) 

a 

where Qs is string coupling. 

On the other hand, D-branes are well described as a classical solution of the low- 
energy supergravity equations of motion in the region 

Qs^O, N ^ oo 

QsN = fixed > 1, (2.3) 

We consider the DS-hrane case mainly. In the region (2.3), the D3-branes is well 
described by the corresponding supergravity solution *as 

- 1, 

Fs = dH-'^ ^dx^ ^dx^ + {dH-^dx^ ^dxy, (2.4) 

where a, (3 = 0, ■ ■ ■ 3, i,j = 4 • • • 9 and F5 is R-R five-form field strength. The warp 
factor H is given by 

= 1 + -4 ■ (2-5) 



In the decoupling hmit (2.1) and (2.2), 



*See the review [28] for example. 
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where = 



{X^y, and we used the , which is finite in the hmit (2.1), instead of the 



X'. 



In the parameter region (2.3), the N D3-branes at origin (r = 0) is represented by 
the brane solution (2.4), and so the probe £)3-brane takes the interaction from curved 
background (2.4). In the gauge field side, this interaction comes fi'om integrating out 
the massive fields generated by the open string which is stretched between probe brane 
and one of the rest branes. Thus, after integrating out these massive fields, the world- 
volume action on the probe brane should be equal to the Born-Infeld action in curved 
background (2.4). This suggestion is known as the open/closed duality (gauge/gravity 
correspondence) and has played an important roles also in AdS/CFT correspondence 



The action of a probe DS-hrane in a general supergravity background is given, for 
turning off the gauge field and Kalb-Ramond field, by 



where P denotes pull-back to the world-volume of bulk fields and C4 is the R-R 4-form 
potential. In the N D3-branes background, we obtain the action on probe brane at 
leading order of the kinetic terms as 



where // = 0, • • • , 3 is the world- volume direction. 

It is confirmed in some examples not limited to extremal cases that results obtained 
from supergravity match with the results which is obtained by integrating out the 
stretched strings directly in the field theory side *. 

2.2 Anti-Brane Probing Brane Solution 

In this section, we consider N D3-branes and one Z}3-brane, where N Z}3-branes sit 
at the origin (r = 0) and the L'3-brane sits at a distance r as a probe brane ^ We 
investigate this system using the method of probe brane. 

*For example, see the reference in [5] 

'''This system was discussed originahy in [29], but the relation with open/closed duality was not 
investigated there. 



[3, 4]. 




(2.7) 




(2.8) 
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First, we consider the anti-brane probe from the supergravity. Because the R- 
R charge of the DS-hrane is opposite to the one of the £)3-brane, the world- volume 
action on the £)3-brane probe in the background (2.4) is given by reversing the sigh of 
Wess-Zumino term from the case of brane probe in section 2.1. Therefore the action 

on the anti-brane probe is given at leading order of the kinetic term by 

S = -^-^ [d'x(d,X'd^X'+4^] ■ (2.9) 

As wc have reviewed in section 2.1, it is expected that the probe action (2.9) is given 
by integrating out the fields generated by the open string stretched between D3 and 
one of the N D3-branes. The only point we should notice is that the GSO projection 
for the 3-3 strings * is opposite to the one we chose for the 3-3 strings [1] . The mass of 
the lowest excitation mode of the 3-3 strings is given by 

Interestingly, the lowest mode of 3-3 strings is tachyonic and it is expected that the anti- 
brane probe action (2.9) is the effective action on Z}3-branc after integrating out these 
tachyon fields. However this anticipation is naive. Wc need to impose the decoupling 
limit (2.1) and (2.2) to ignore excited string states. In this limit, the mass squared 
(2.10) becomes negative infinite, so that the behavior of these fields is not well defined. 
This implies that the dual open string picture in the D3-brane probing is unclear or 
invalid even though the probe action from supergravity is well defined. 

In next section, we propose the brane configuration where the fields integrated out 
include tachyonic modes and these mass squared leaves finite in the decoupling limit 
(2.1). This brane configuration is the intersecting branes at angles, which has been 
discussed often in the context of tachyon condensation recently [9, 30, 31, 32]. 

3 Intersecting Branes and Open/Closed Duality 

In this section, wc probe parallel coincident branes by a brane intersecting with an 

intersection angle. As noted in section 2.1, the probe brane action obtained from 

*We denote the open string stretched between D3 and one of the N £)3-branes as 3-3 string, and 
the one stretched between £>3-branes as 3-3 string. 
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supergravity should be equal to the effective action after integrating out the fields 
generated by the stretched string. In this case, the stretched string include tachyon 
modes localized near the intersecting point. Interestingly, by taking appropriate limit 
for the intersection angle, the mass squared of this tachyonic mode leaves finite in the 
decoupling limit (2.1) in contrast to the case of the anti-brane probing. Using the 
probe brane action obtained from supergravity, we can analyze the condensation of the 
localized tachyon. 

In section 3.1 and 3.2, we analyze this system from field theory side (open string 
side) and supergravity side (closed string side) respectively. In section 3.3, we dis- 
cuss about the localized tachyon condensation using the probe brane action obtained 
from supergravity. In section 3.4, we comment on the relation with the recombination 
process in the intersecting branes [7, 8, 9] . 

3.1 Intersecting Brane Probe : Field Theory Side 




N D3-branes probe D3-brane 



Figure 1: Wc probe N parallel £)3-brancs by an brane which has an intersection angle 
9 in the {X^, X^)-plane, and we set the intersecting point to y = — 0. 

In this section, we probe N parallel coincident D3-branes by an brane which has 
an intersection angle 9. The N parallel D3- branes are parameterized by world- volume 
coordinates X^, X'^, X^, and sit at the origin of the transverse spaces (X^, ■ ■ ■ ,X^ — 
0). The probe brane is also parameterized by the X^, X^, X'^, X^ coordinates, but has 
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intersection angle 9 in the {X^, X^)-plane, so that depends on X^ = y coordinate 
as * 



X' = qy, 

q = t&ne . (3.1) 

The transverse distance between probe brane and the one of rest brancs at the inter- 
secting point (y = 0) is denoted as r, or r 

= \]Y:]=5{X^Y I _ ■ See the figure 1 for 
this brane configuration. In this case, the energy of the open string stretched between 
probe D3-brane and the rest of N D3-branes is minimized by being confined to the 
intersection point (y = 0). It is known from world-sheet analysis [33, 34] that the mass 
squared of this stretched open string is given by 

.2 ' 1 



where n is a integer {n > 0)*. Therefore, when r is small enough, the lowest mode of 
the stretched strings are tachyonic ^ 

In contrast to the case in section 2.2, in decoupling limit (2.1), the mass squared 
of the tachyon mode is not always negative infinite, and can be finite by taking the 
appropriate limit for 9 and X as 

6 

9 = — — fixed , 
a' 

vi 

X^ = — = fixed. (3.3) 
a' 

where / = 5, • • • , 9. Then the mass squared (3.2) is given by 

(3.4) 

where f = r/a' . For f = 0, the width of localized tachyons 5y is given [8, 9] by 

5yr^\f9 . (3.5) 




*We treat as the fixed background. The fluctuation of will be given later on. 
*0f course, 6 = Q case corresponds to the parallel D-branes case in section 2.1 and 6 = n case 
corresponds to the case in section 2.2, and they give the same mass relation with (3.2) respectively. 
'''See [35] for the related world-sheet analysis of intersecting branes. 
■I-This quantity has not been calculated for the case of r 7^ 0. 
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9 = ^— ^ = fixed , (3.6) 



If we take another fimit for the intersecting angle 9 as 

9_ 

the 9 part docs not contribute to the mass squared (3.2) for K > 1^ and gives negative 
infinite mass to the mass squared for K < 1. These results are refiected to the probe 
action obtained from supergravity, as we will discuss in the next section. 

As in section 2.1, it is anticipated from the open/closed duality that the Born- 
Infeld action on the probe brane in curved background (2.4) should be equal to the 
action on probe brane after integrating out the fields generated by the stretched strings. 
Interestingly, in this case, the lowest modes of the fields integrated out are tachyonic 
when the distance f is small enough. Integrating out the tachyonic modes do not 
always imply that the effective action is not well-defined, as well known in the case of 
the brane-antibranc system [2] *. 

As we have denoted in the introduction, we can not regard the probe brane action 
as the effective action obtained by integrating out the all fields whose energy scale is 
low compared to the one of the stretched strings, as is usually recognized in the probe 
brane [3] . This occurs due to the tachyonic modes, whose mass is not defined, so that 
the energy scale in the action of the probe brane is not low compared to the masses of 
the all stretched strings. Therefore the action of the probe brane should be regarded 
as the action which is obtained by integrating out only the fields generated by the 
stretched string rather than the effective action. However the energy scale of the fields 
on the probe brane is unclear in this picture. We propose that this energy scale is equal 
to the mass scale of tachyon field around the true vacuum of the tachyon potential. 
This proposal is based on the ideas that the probe brane action is equivalent to the 
effective action which is defined at the true vacuum of the tachyon potential as we will 
see in section 3.3. 

In the next section, we derive the probe brane action from supergravity and show 

how the limit (3.3) or (3.6) are refiected to the probe brane action. 

*In early days, some calculations to suggest that the tachyon condense and lead to the stable 
vacuum was performed [36] . 
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3.2 Intersecting Brane Probe : Supergravity Side 



We derive probe brane action from the supergravity as in section 2.1. The induced 
metric on the probe brane is given by 



P(G'33) = H-i{l+\q^ + 



dX 



dy 



H \ for ^ 3 
H 



(3.7) 



where we denoted X^ as X^ = {X^, ■ ■ ■ , X^) and H is given by (2.5). 
The action on the probe brane is given from (2.7) and (3.7) by 



dx^H 



\ 



'dx^ 

dx^ 



H\ll 



'dX' 
. dy 



H 



(3.8) 



Here we ignored the contribution from the non-diagonal part of P(G^i^) in the deter- 
minant to consider only the leading order of the kinetic terms afterward. 

First, we take the limit (2.1) and (3.3) in the action (3.8). In the limit (2.1) and 
(3.3), H is represented by 



H 



1 + 



{{qyf + {Xif)' 



\ 



(3.9) 



(%)2 + (x^)2j ; 

where we used the relation q = teaiO — > ^ in the limit (3.3). Therefore it is convenient 
to denote if as 

^ = 4 ' (3-10) 

where H is given by 



^ ^ 9ymN 



(3.11) 
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We note that H leaves finite in the hmit (2.1) and (3.3). Using H the probe action is 
given by 




H 



+ 



where we denoted as = /a' and used qym in (2.1). This action is finite and well- 
defined in the limit (2.1) and (3.3), which has a physical implication in the contrast of 

the anti-branc case in section 2.2. 

Now we consider only the leading order terms in the kinetic terms to analyze the 
dynamics of the probe brane. Then the probe brane action is given by 



1 f 

S = 2^2 / dx"" i 



(dX^\^ 1 (dX^ 



2 



where X — ix ^ X ^ X ). Therefore the coefficients of kinetic terms depend on 9 and H 
in contrast with the case of the parallel branes (2.8). 

For X^ » 1 and y ^ 1, because if ~ from (3.11), the action (3.13) is equal to 
the parallel brane case (2.8). On the other hand, for X^ <til and y <^ 1 the equation 
(3.13) involves some physical implications, for example, localized tachyon condensation, 
which will be discussed in section 3.3. 

We discuss about the another limit (3.6) for 9. We see how the limit for the 
intersection angle is reflected to the probe brane action in supergravity. We represent 
the probe action (3.8) using 9 in (3.6) and X. For if > 1, it is easy to show that the 
probe action is equal to the action of probe brane in the parallel i}3-branes case in 
section 2.1. This is expected result from open string picture, because the mass of the 
fields integrated out is equal to the case in section 2.1 in decoupling limit. 

The case of if < 1 is somewhat nontrivial. In the field theory side, the mass 
of the field integrated out is negative infinite, so that the action on the probe brane 
is difficult to understand or invalid. Actually, the probe brane action obtained from 
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supergravity is compatible with the result from the open string picture. For K < 1, 
it is easy to confirm that the probe action (3.8) is order {a'y'^^~^\ so that the action 
becomes infinite in the decouphng hmit (2.1). Therefore this action is not well defined. 
This compatibility with open string picture is one of the evidence for the open/closed 

duality in the intersecting brane system. 

Finally in this section, we consider the case where the fluctuation of exists and 
be given by 

X^^qy + X\x,y) , (3.14) 

where we denoted (X^,X^,X'^). The part coming from this fluctuation in 

the probe brane action is given by 

~_ 1 f ^ ^l ^/i + em (dX^\^ 1 (^gdX^ 

(3.15) 

where we deflned X^ as X^ = X^/a'. This term is different from the kinetic term of 
(3.13) due to the existence of the part of flrst derivative of y. 

3.3 Localized Tachyon Condensation 

In this section, we give a physical interpretation to the probe brane action (3.13). 
As we will discuss, this action involves the information about the (localized) tachyon 
condensation. 

First, we remember the tachyon condensation in a brane- antibrane system [2, 1]. 
A system of coincident brane- antibrane has tachyonic modes generalized by the open 
string stretched between brane and anti-brane, and Sen conjectured that there is no 
degree of freedom of the open string around the true vacuum of tachyon potential V{T). 
In this system, if we integrate out this open string tachyon, the partition function is 
dominated at the tachyon vacuum, that is 

J [DT] cxp{-S[T]) - exp(-5[ro]) (3.16) 

where T — Tq is the vacuum of tachyon potential. This implies that integrating out 
tachyon gets rid of the degrees of freedom of open strings. 
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Same ideas can be applied to the case of the intersecting branes. As we have 
denoted in section 3.1, for the probe brane being enough close to the origin, there are 
localized tachyon modes generated by the open strings stretched between probe brane 
and one of the rest branes. Of course, the potential of the localized tachyon is not 
bounded at tree level, but by integrating out the localized massive mode (n > 0) in 
(3.4) this potential will be bounded. Then if we integrate out these tachyons localized 
at the intersecting point (y = 0), we expect that the partition function dominates at 
the vacuum of the potential and that there are no degrees of freedom of open strings 
near the intersecting point {y — 0) for — 0. These can be seen by the probe brane 
action obtained from supergravity. 

As we noted in section 3.1, it is expected that the probe brane action (3.13) obtained 
from supergravity should be equal to the action on probe brane after integrating out 
the fields generated by the open string stretched between probe brane and one of the 
rest branes, which include tachyonic modes for probe brane enough close to origin. 
Therefore, in this case, the action (3.13) should not have degrees of freedom of open 
string near the intersecting point, namely <^ 1 and y <^ 1. 

Actually we can see the absence of the degrees of freedom of open strings in the 
probe brane action (3.13). At first, we consider about the potential part, which is given 
by 

Then, because Vpot ~^ ^1 {'^t^'^Qym) ~^ y — >■ 0, the potential part is almost 

a constant in the region X^ -C 1 and y -C 1. 

Because the potential part is almost constant, the kinetic terms (3.18) should involve 
the information about the dynamics of the probe brane. The part of kinetic terms in 
(3.13) is given by 



'S'kin — — 5~~9 — / dx < 



/ 2^1 + em V 9y 



(3.18) 



where x"' = {x^,x^,x'^), y = x^ and / = 5, • • • , 9. Because iJ ^ 1 in this case, 
the coefficient of dX^ /dx"' is large. This imphes that the dependence of X^ is 
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classical and does not have quantum fluctuations *. Therefore for <^ 1 and y <^ 1, 
the degrees of freedom of along the directions of have been lost, so that X^ 
fluctuate following only y. 

On the other hand, for X and y <^ 1, the coefficient of the dX /dy becomes 
very small. This is similar to the absence of open string in the tachyon condensation 
of non-BPS branc. 

To see this similarity, we remember the tachyon condensation in the non-BPS 
branes. In the case of the non-BPS p-branes *, the world- volume action in flat space 
is given [37, 11] by 

S^- j dP+'xV{T)^- det i?]^, + d^X^d.X^ + d^Td.T + 2Tia'F^,) , (3.19) 

where V{T) is tachyon potential, X* (i = p + 1, • • • , 9) is the transverse scalar, and we 
have omitted the Wess-Zumino. Because V{T) — for T ^ Tq, the coefficient of the 
dX^ jdx^ approach zero in the process of tachyon condensation. And so the non-BPS 
brane action after the tachyon condensation has the similar behavior with the kinetic 
term dX^ /dy in intersecting branes. This implies that the degrees of freedom of open 
string along the direction y in intersecting branes are absent in the sense similar with 
the case of the non-BPS brane ^ 

In summary, the probe brane action (3.18) seems to imply that the degrees of 
freedom of open string near the intersecting point become absent due to the localized 
tachyon condensation ^. However, about how degrees of freedom become absent, the 
case of the dependence and one of the y dependence of X^ differ from each other. 
This physical implication has been unclear yet. 

Finally in this section, we point out the naive point in this subsection. The mass 
relation (3.4) is the one at tree level. Therefore, the tachyonic modes at tree level can 
become massless or massive due to the loop correction, so that the localized tachyon 

*This is similar to the case of zero temperature in thermal system. 

*The p is odd for Type IIA string theory and even for Type IIB string theory. 

■^In the case of non-BPS brane, it is proposed that the degrees of freedom of the open string don't 
die in tachyon condensaticm. but leave as the ones of the string fluid [38], which is interpreted as the 
collective closed strings recently [12, 13, 14]. 

tThe kinetic term of the fluctuation X'^ (3.15) is not similar to the non-BPS case due to the part 
of the flrst derivative of y. This result has not been understood physically. 
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condensation could not occur. But, as we noted before, it seems that the probe brane 
action (3.18) shows the absence of degrees of freedom of open strings. This argument is 
not rigorous one, but we beheve that it is a evidence of the occurrence of the locahzed 
tachyon condensation ^. 

3.4 On Recombination of Intersecting Branes 

In the intersecting branes at angles, it is known that the recombination of branes occurs 
[7]. The recombination can be analyzed by the effective field theory on the branes [8, 9], 
and it was interpreted as local tachyon condensation recently in [9]. See figure 2. 



Figure 2: The intersecting branes are recombined due to the tachyon mode localized 
at the intersecting point. 

In the same way, in our cases, where N branes are parallel to each other and 
only a probe brane is intersected at an angle, it is expected that the recombination 
of the probe brane with one of the rest branes will occur. However, the probe brane 
action does not show the recombination of branes. At first sight, this seems to imply 
the incompatibility between the recombination and our results from supergravity, but 
actually these two results are compatible. 

To see this, we remember how the recombination can be understood using effective 
field theory, following [9]. At first, it is convenient that we consider the system consist- 
ing of two intersecting DS-branes which has an intersection angle 6 in (X"^, X'^)-plane, 

§In the paper [39] the supergravity solutions dual to microstates of the D1-D3-D5 system with 
nonzero B field moduli is given. Because the angles of branes are T-dual to the B field, the relation 
with our papers and the paper [39] is interesting to investigate. 
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and both branes are parameterized by the coordinate x = and y = X^. 

The transverse scalar field is represented by 

where 

q = tan(^/2) . (3.21) 
The non-diagonal parts of X^ exists as the fluctuation T{x, y) as 

X'-{j' ^ ^^"''M • (3-22) 
\T[x,y) -qy J 

This fluctuation includes the tachyonic mode, and now we focus on this mode. The 
tachyonic mode rolls the tachyon potential, so that this mode is time dependent and 
given by 

T{x,y) = Cexp e^^° , (3.23) 

where C is a constant. The recombination is realized by diagonalizing X^, and the 
diagonalized position is given by 



X^^l AV + T(a;,,)2 _ 

' -^q2y2 + T{x,yr 

Thus, in effective fleld theory, we does not integrate out the tachyon mode and 
this mode evolves following the equation of motion. On the other hand, in the probe 
brane method, the tachyonic mode needs to be integrated out, that is, the tachyon 
mode must sit at the vacuum of the tachyon potential. Therefore we haven't analyzed 
the time evolution of branes' positions in probe brane method. This implies that the 
subjects treated in effective field theory are not equal to the ones treated in probing 
brane method, so that these two results are compatible. 

Then how the recombination is understood in probe brane method ? The diagonal- 
ization of the matrix representing the branes' positions needs to be taken to realize 
the recombination. But this prescription is unclear in the probe brane method, because 
the non-diagonal part of the matrix X'^ must be integrated out. And so, understanding 
recombination from supergravity is difficult and that is a future problem. 
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Finally, we emphasize that the subject of this paper is not to study the dynamics of 
the intersecting branes (recombinations and so on) , but to understand and analyze the 
localized tachyon condensation in the intersecting branes in the context of open/closed 
duality even if we treat brane configuration as the fixed background. 

4 Conclusions 

We have applied the probe brane method to the unstable brane systems, in particular 
intersecting branes at angles. In this system, we can take an appropriate limit for the 
intersection angle with the decoupling limit a' ^ to leave the mass squared of the 
localized tachyons negative finite. So that we have obtained the probe brane action 
from supergravity which involves the information about localized tachyon condensa- 
tion, though some unclear and naive problems have been left. We hope that a lot of 
techniques in AdS/CFT correspondence will be applied to the intersecting branes, or 
another unstable brane systems. 
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